Abstract. Treatment of materials by sol-gel technique can be an excellent tool to convey new properties to surfaces, therefore the hybrid organic-inorganic materials show the properties of both phases, contributing for example to the obtainment of an anti-fouling coating. In this research, the explored procedure includes the co-condensation of silane coupling agents with epoxide and amine tail-groups, (3-Glycidyloxypropyl)-trimethoxysilane (GPTMS) and (3-Aminopropyl)-triethoxysilane (APTES), respectively, in combination with two perfluorosilane precursors, namely glycidyl-2,2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9 ,9-hexadecafluorononylether and trimethoxy-(3,3,3-trifluoropropyl)-silane, either individually or together. This synthetic approach allows collecting stable hydrophobic, non-toxic, anti-fouling coatings that were investigated to study their morphology and chemical structure by different physical-chemical techniques. The anti-fouling properties were evaluated through test on treated glass slides in different microbial suspension in seawater-based medium per 24 h at room temperature. During tests, each suspension was maintained in continuous agitation to simulate the natural movement of seawater, and the attachment of cells on bare degreased glass slides is compared with that occurring on the treated slides. Results show that the fluorinated coatings have good antimicrobial activities and low adhesive properties, no biocidal effects towards the studied microorganisms were observed.
Introduction
The undesired colonization of submerged surfaces by marine micro-and macro-organisms such as bacteria, diatoms, algae, barnacles, and seaweeds is called biofouling [1] . It has detrimental effects among which on aquaculture systems and oceanographic sensors. Moreover, this natural phenomenon on shipping and leisure vessels causes severe problems for marine industries due to corrosion and hydrodynamic drag, which leads to elevated fuel consumption and higher maintenance costs [2] [3] [4] . In order to reduce both economic and environmental penalties, the primary strategy for inhibit marine fouling is to use biocide-containing paints [5] [6] [7] [8] . At the same time, environmental business and legislation are driving science and technology towards non-biocidal solutions based only on physicalchemical and materials properties of coatings [9] [10] [11] [12] [13] [14] . From this point of view, advances in 2 nanotechnology and recent knowledge of marine chemistry and biology are contribution to 17 initial stage of microorganism fouling adhesion moieties at the interface depending also on the fluorine atoms limited mobility resulting around the backbone bonds [ Moreover hydrophilic functionalities, have been developed in order to create an engineered surface with local variations in surface chemistry, topography and mechanical properties. treatment of materials can be an attractiv surfaces, particularly if organic components are incorporated into the formulation 2.
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Application on glass s
In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by testing treated and non was evaluated b while the antifouling capacity comparing the number of microbial cells adhered on the control slides compared to those tr from a thorough cleaning of the latter: t acid/ hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated. precursors ( reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si the same time, hydrolyzed precursors. structure network toxic and can be obtained by mild temperature and pressure conditions.
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Results obtained by testing different sets of glasses in contact to 1 resulted in a decrease of the adhered cells compared G/A_F3 1). compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation showed the best 
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In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by testing treated and non was evaluated b while the antifouling capacity comparing the number of microbial cells adhered on the control slides compared to those tr from a thorough cleaning of the latter: t acid/potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated. precursors ( reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si the same time, hydrolyzed precursors. structure network toxic and can be obtained by mild temperature and pressure conditions.
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). The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation showed the best 
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The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation showed the best with a concentrate sulfuric acid/ potassium permanganate solution, then washed several times with ultrapure water and dried in an oven at 80°C for 24 hours.
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Application on glass s
In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by testing treated and nony comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides compared to those treated with the various products. from a thorough cleaning of the latter: t potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
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Application on glass slide
In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by -controlled slides immersed in microbial suspen y comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. from a thorough cleaning of the latter: t potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
G, A, F3, F16) reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si glycidoxy groups hydrolyzed precursors. Therefore , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
fouling properties
Results obtained by testing different sets of glasses in contact to . A resulted in a decrease of the adhered cells compared formulation showed the best fouling The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation fouling-release ability against the Gram negative strain. lides In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen y comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. from a thorough cleaning of the latter: t potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
G, A, F3, F16) is strongly influenced by the epoxy ring opening that can reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si glycidoxy groups Therefore , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to
As can be deduced from the data collected, all the FR formulations tested resulted in a decrease of the adhered cells compared formulation showed the best fouling The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation release ability against the Gram negative strain.
Images of the glass slide treated with observed under EM 40x ( Note the formation of spores and chain of cells 40x a b
with a concentrate sulfuric acid/ potassium permanganate solution, then washed several times with water and dried in an oven at 80°C for 24 hours.
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In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen y comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. from a thorough cleaning of the latter: t potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si glycidoxy groups Therefore, , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
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is strongly influenced by the epoxy ring opening that can reaction pathways: (a) hydrolysis with (c) consecutive polymerization steps t with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si glycidoxy groups can react both with themselves and with hydroxyl groups of , the presence of , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Images of the glass slide treated with Glass slide treated with Note the formation of spores and chain of cells 40x a b
is strongly influenced by the epoxy ring opening that can reaction pathways: (a) hydrolysis with diol formation (c) consecutive polymerization steps to give with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of the presence of , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen y comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. from a thorough cleaning of the latter: the glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been thermally cured at 80°C for 10 minutes, then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can diol formation o give with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of the presence of , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
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In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen y comparing the number of cells/ while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can diol formation o give a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of the presence of , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested resulted in a decrease of the adhered cells compared formulation showed the best fouling-release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen y comparing the number of cells/m while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can diol formation a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of the presence of , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested resulted in a decrease of the adhered cells compared release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen mL while the antifouling capacity comparing the number of microbial cells adhered on the control slides eated with the various products. P he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can diol formation; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of the presence of Si , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested resulted in a decrease of the adhered cells compared release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides Preparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated.
is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of Si-O , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested resulted in a decrease of the adhered cells compared to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT annealed on glass slides were registered and investigated. The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of O-C bonds can increase the flexibility of the , favoring a great homogeneity between the organic and These kind of coatings have the advantage toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. coatings and to confirm their successful deposition, ATR FT-IR spectra of
The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D with primary amino group, thus transformed in secondary one curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the , favoring a great homogeneity between the organic and These kind of coatings have the advantages of being environmentally friendly, non toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. IR spectra of The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D one. curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the , favoring a great homogeneity between the organic and of being environmentally friendly, non toxic and can be obtained by mild temperature and pressure conditions.
Results obtained by testing different sets of glasses in contact to microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 alb formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation release ability against the Gram negative strain.
showing diffuse cells of the Gram _F16 Note the formation of spores and chain of cells 40x with a concentrate sulfuric acid/ potassium permanganate solution, then washed several times with In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspen in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. IR spectra of The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D
. Actually curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the , favoring a great homogeneity between the organic and inorganic components of the of being environmentally friendly, non toxic and can be obtained by mild temperature and pressure conditions. microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion to 29.5% and 53%, respectively. The formulation G/A_F3_F16 albeits to a lesser extent than the other formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation release ability against the Gram negative strain.
showing diffuse cells of the Gram F16 observed under EM Note the formation of spores and chain of cells 40x with a concentrate sulfuric acid/ potassium permanganate solution, then washed several times with In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by controlled slides immersed in microbial suspensions. in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. IR spectra of The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D Actually curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the of being environmentally friendly, non toxic and can be obtained by mild temperature and pressure conditions. microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion eits to a lesser extent than the other formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation release ability against the Gram negative strain.
showing diffuse cells of the Gram observed under EM Note the formation of spores and chain of cells 40x with a concentrate sulfuric acid/ potassium permanganate solution, then washed several times with In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by sions. in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned wi potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been then at 160 °C for 3 minutes. To explore the nature of the IR spectra of The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D Actually curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the of being environmentally friendly, non microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by sions. In particular, the toxicity in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting he glass slides were cleaned with a concentrate sulfuric potassium permanganate solution, then washed with ultrapure water and hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been
To explore the nature of the IR spectra of silane xerogels applied and The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D
Actually, during the final thermal curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the of being environmentally friendly, non microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by In particular, the toxicity in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting th a concentrate sulfuric potassium permanganate solution, then washed with ultrapure water and stored at 80°C for 24 hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been
To explore the nature of the ilane xerogels applied and The nature of the hybrid structure is strongly influenced by the epoxy ring opening that can ; (b) alcoholysis with ethyl ether terminal groups; a hybrid poly(ethylene)oxide 3D-network , during the final thermal curing step, each silanol group can react with each other to form stable siloxane bonds (Si can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the of being environmentally friendly, non microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating In order to test the efficacy of the products and the lack of toxicity, plate tests have been set up by In particular, the toxicity in the suspension both before and after the test, while the antifouling capacity comparing the number of microbial cells adhered on the control slides reparation of the slides was carried out starting th a concentrate sulfuric stored at 80°C for 24 hours. Dip coatings were performed with a NIMA Instruments dip coater at a 20 mm/min speed for a total of 20 immersion/withdrawal cycles for each. After each coating the glass slides have been
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; (d) reaction , during the final thermal O-Si). can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the of being environmentally friendly, non microbial strains were shown in s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion eits to a lesser extent than the other formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation
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; (d) reaction , during the final thermal Si). can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the inorganic components of the 3D of being environmentally friendly, non microbial strains were shown in table s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion eits to a lesser extent than the other formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation
; (d) reaction , during the final thermal Si). At can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the 3D of being environmentally friendly, nontable s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating containing a single G/A matrix reduced the number of adhered cells on slide to 76.5% compared to the control. The G/A_F3 and G/A_F16 formulations significantly reduced cell adhesion eits to a lesser extent than the other formulated, showing fouling release activity, with a decrease of adherent cells equal to 71% compared to the control, but almost similar to the behaviour of the G/A matrix. Thus, the G/A_F3 formulation
; (d) reaction , during the final thermal At can react both with themselves and with hydroxyl groups of C bonds can increase the flexibility of the 3D table s can be deduced from the data collected, all the FR formulations tested to the control (only slide), in particular the release capacity against the Gram negative strain (Table  The coating Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 . 
Conclusions
The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the silica compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties material the materials obtain F3 different hydrorepellent activity is explained fluorinated chains at the polymer fouling slides using a dip coater and anti cultures. Bacillus aquimaris fouling capacity against both Gram with G/A_F3 which is evident cells sufference Table 1 .
As determined by of cells adhering to the treated slides than to the glass slide controls.
Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 . 
The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the silica compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties material the materials obtain F3, changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer fouling slides using a dip coater and anti cultures. Bacillus aquimaris fouling capacity against both Gram G/A_F3 which is evident cells sufference Table 1 .
The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the silica-epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties material the materials obtain , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer fouling slides using a dip coater and anti cultures. Bacillus aquimaris fouling capacity against both Gram G/A_F3 which is evident cells sufference Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 . 
The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by the materials obtain , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer release slides using a dip coater and anti cultures. Cell adhesion experiments using Bacillus aquimaris fouling capacity against both Gram Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 .
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The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by the materials obtain , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer release slides using a dip coater and anti
Cell adhesion experiments using Bacillus aquimaris fouling capacity against both Gram in contact with the cells of which is evident cells sufference Percentage of the with the strains As determined by of cells adhering to the treated slides than to the glass slide controls.
Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 .
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The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by the materials obtain , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer release purposes. slides using a dip coater and anti
Cell adhesion experiments using Bacillus aquimaris fouling capacity against both Gram in contact with the cells of which is evident cells sufference Percentage of the with the strains As determined by direct counts under LM and/or EM microscopy of cells adhering to the treated slides than to the glass slide controls.
Number of viable cells ), before and after incubation with the treated and untreated
The aim of the present work was to investigate the most significant factors to obtain efficient and stable hybrid sol-gel coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by the materials obtained from , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer purposes. slides using a dip coater and anti
Cell adhesion experiments using Bacillus aquimaris, fouling capacity against both Gram in contact with the cells of which is evident cells sufference Percentage of the with the strains direct counts under LM and/or EM microscopy of cells adhering to the treated slides than to the glass slide controls.
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The aim of the present work was to investigate the most significant factors to obtain efficient and gel GPTMS coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by ed from , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer purposes. slides using a dip coater and anti
Cell adhesion experiments using , Stenotrophomonas fouling capacity against both Gram in contact with the cells of which is evident cells sufference Percentage of the with the strains S. maltophilia (BC 658) direct counts under LM and/or EM microscopy of cells adhering to the treated slides than to the glass slide controls.
The aim of the present work was to investigate the most significant factors to obtain efficient and GPTMS coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the epoxy polymers. In compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by ed from , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer purposes. slides using a dip coater and anti
Cell adhesion experiments using Stenotrophomonas fouling capacity against both Gram Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 .
The aim of the present work was to investigate the most significant factors to obtain efficient and GPTMS coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers temperature reaction of the GPTMS epoxy polymers. In whose network compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by ed from GPTMS/APTES. , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer These sol slides using a dip coater and anti
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adhered cells onto the untreated and treated S. maltophilia (BC 658) S. maltophilia direct counts under LM and/or EM microscopy of cells adhering to the treated slides than to the glass slide controls.
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The aim of the present work was to investigate the most significant factors to obtain efficient and GPTMS-based coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers GPTMS whose network compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by GPTMS/APTES. , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer These sol slides using a dip coater and anti
Cell adhesion experiments using Stenotrophomonas fouling capacity against both Gram direct counts under LM and/or EM microscopy of cells adhering to the treated slides than to the glass slide controls.
of the strains , before and after incubation with the treated and untreated
The aim of the present work was to investigate the most significant factors to obtain efficient and based coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers GPTMS whose network compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties particularly influenced by the addition of perfluorinated species. The nature of the surface of GPTMS/APTES. , changes to more hydrophobic state, different hydrorepellent activity is explained fluorinated chains at the polymer-air interphase.
These sol slides using a dip coater and anti-fouling and
The aim of the present work was to investigate the most significant factors to obtain efficient and based FR coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers GPTMS with the bifunctional whose network compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties the addition of perfluorinated species. Regarding the toxicity, none of the products bacteria and diatoms as clearly shown in Figure 3 .
The aim of the present work was to investigate the most significant factors to obtain efficient and FR coatings depend on the possibility to realize chemical interactions between the hydroxyl group and/or epoxy group of the precursor with functional groups belonging to the polymers with the bifunctional whose network compounds mainly acts as a network modifier leading to a differ backbone. The structural differences reflect the thermal properties and hydrophobic properties the addition of perfluorinated species. The nature of the surface of GPTMS/APTES. , changes to more hydrophobic state, whereas different hydrorepellent activity is explained air interphase. gels fouling and Cell adhesion experiments using Stenotrophomonas maltophilia, positive and Gram
